Bacillus cereus isolates, recovered from natural environments of Japan, were examined for their flagellar (H) antigenicities with the reference H antisera against Bacillus thuringiensis serotypes H1^H55. Of 236 B. cereus isolates tested, 165 (70%) were agglutinated with the reference antisera available. The frequencies of seropositive isolates were: 77% in soils, 68% on phylloplanes, and 60% in animal fecal populations. Among the 45 H serogroups detected, the serovar shandongiensis (H22) was the predominant, followed by the serovars entomocidus (H6), indiana (H16), pakistani (H13), and neoleonensis (H24ab). These five H serovars were commonly distributed in the three populations from different sources. ß
Introduction
Bacillus thuringiensis is genetically and phenotypically very similar to Bacillus cereus, providing an idea that these two spore-formers fall into a single species [1, 2] . The only key character discriminating between the two is the formation of large proteinaceous parasporal inclusions in B. thuringiensis that often contain unique activities speci¢-cally killing insects and other invertebrates [3] , human cancer cells [4, 5] , and human pathogenic protozoa [6] .
For intraspeci¢c classi¢cation of B. thuringiensis, £agel-lar (H) antigen serotyping was established by de Barjac and Bonnefoi [7] . This system is independent of the classi¢cation of parasporal proteins and their biological activities. In an early serological study, Ohba and Aizawa [8] reported that B. cereus natural isolates were seropositive to H antisera against then-existing B. thuringiensis H serotypes 1^20 at a frequency of about 30%. Subsequent worldwide e¡orts to screen B. thuringiensis strains from natural environments have provided various new H serotypes, leading to the involvement of as many as 69 H serotypes in the up-to-date classi¢cation scheme [9] . The objective of this study was to determine the frequency of B. thuringiensis H1^H55 antigens in B. cereus populations recently recovered from natural environments of Japan.
Materials and methods

Isolation of bacteria
A total of 43 soil samples were collected from four prefectures (Nagasaki, Saga, Fukuoka, and Yamaguchi) of the western part of Japan. Leaves were collected from 55 plant species growing on the Hakozaki Campus, Kyushu University, located in the city of Fukuoka, Kyushu. The sampling sites for soils and plant leaves had not received any spray of B. thuringiensis-based microbial insecticides. Fecal samples were freshly collected from 52 animal species maintained in Fukuoka Municipal Zoo, Fukuoka. Feces were free of soil contamination and were stored in clean vinyl bags at 320 ‡C until use.
Isolation of the B. cereus/B. thuringiensis group from natural soils and animal feces was done according to the method of Ohba and Aizawa [10] . Brie£y, sample suspensions, prepared in sterile phosphate-bu¡ered saline, were heated at 65 ‡C for 30 min, and plated on nutrient agar. Nutrient agar (pH 7.8) consisted of meat extract (10 g), polypeptone (10 g), NaCl (2.5 g), agar (20 g), and distilled water (1000 ml). The plates were then incubated at 27 ‡C for 3^4 days. No selective medium was involved in the present study. Isolation of the organisms from phylloplanes was done according to the method previously described [11] .
Of bacterial colonies formed, those exhibiting morphological features characteristic of the B. cereus/B. thuringiensis group were examined under a phase-contrast microscope for the formation of parasporal inclusions. The parasporal inclusion-lacking colonies were assigned to B. cereus. Microscopic observations revealed that B. cereus isolates used in this study were actively motile.
PCR and dot blot hybridization
Identi¢cation of B. cereus was done with PCR technique by the method previously described [12] . The two B. cereus-speci¢c primers used were: SG-749f (5P-ACTGGCT-AATTATGTAATG-3P) and SG-749r (5P-ATAATTATC-CATTGATTTCG-3P) [13] . The oligonucleotides were purchased from Hokkaido System Science (Sapporo, Japan).
Dot blot hybridization technique was involved in the detection of cry genes in B. cereus isolates. The probes for cry genes were prepared by PCR from genomic DNA of B. thuringiensis reference strains: the strain T84A1 (serovar sotto) with cry1 and the serovar israelensis type strain with cry4. A primer set for cry1 was designed on the basis of the sequence highly conserved in all subgroups of cry1 genes. The forward sequence designed was 5P-GAATTGAATTTGTTCCGGCA-3P and the reverse, 5P-GTCTAGTTGTCTATTGATCC-3P. A primer set for cry4 was designed from the sequence commonly conserved in cry4Aa and cry4Ba genes. The forward sequence was 5P-GCCGCAAATCTTGTGGAATG-3P and the reverse, 5P-GCTTCCCCATCTATTGGCCC-3P.
Identi¢cation of H antigen serotypes
Reference H antisera were raised in rabbits against the type strains of B. thuringiensis serotypes H1^H55 according to the method of Ohba and Aizawa [14] .
The type strains were obtained from Institut Pasteur, Paris. Speci¢c antisera against H antigenic subfactors, existing in H serotypes 3, 4, 5, 8, 10, 11, 18, 20, 24 , and 28 [9] , were prepared by the saturation technique as described previously by de Barjac [15] . H serotyping was done with slide agglutination tests [14] by using young £agellated broth cultures (37 ‡C, 3^4 h) of B. cereus isolates.
Results
Morphological observations of colonies, vegetative cells, sporangia, and endospores revealed that the spore-forming bacteria isolated in the present study all belong to the B. cereus. This was also supported by the results of PCR tests with B. cereus-speci¢c primers. Microscopically, there was no evidence for the production of parasporal inclusions in these B. cereus isolates.
Dot blot analysis of the B. cereus isolates with cry1 and cry4 probes detected cry1-positive reactions in three phylloplane isolates and the reference strain T84A1 (serovar sotto). Other 233 isolates were cry1-negative. All of the 236 isolates lacked cry4, while it was detected in the reference control, the type strain of the serovar israelensis. Table 1 shows the results of serological identi¢cation of B. cereus isolates from natural environments of Japan with B. thuringiensis reference H antisera available. Of 236 isolates tested, 165 (70%) were seropositive for B. thuringiensis reference antisera. Others (30%) were actively motile but not reactive to H antisera available. The frequencies of seropositive B. cereus isolates in soil, phylloplane, and animal fecal populations were 77%, 68%, and 60%, respectively.
This study provided as many as 45 H serogroups (Table  1) . Among the serogroups detected, the serovar shandongiensis (H22) was the predominant, followed by serovars entomocidus (H6), indiana (H16), pakistani (H13), and neoleonensis (H24ab). These ¢ve H serovars were commonly contained in the three B. cereus populations from di¡erent sources.
Discussion
Early investigators have reported that crossed H agglutination occasionally occurred between B. thuringiensis and B. cereus [16, 17] . Later, Ohba and Aizawa [8] showed that about 30% of B. cereus isolates from natural environments of Japan was speci¢cally agglutinated with thenavailable B. thuringiensis H antisera against H1^H20. According to Lecadet et al. [9] , recent assessment provided evidence that 47^55% of B. cereus strains share common H antigens with B. thuringiensis. Moreover, our present study gave the results that approximately 70% of B. cereus natural isolates was seropositive, when examined with reference antisera against B. thuringiensis H1^H55. The ¢ndings provide a prospect that the frequency of B. cereus isolates possessing B. thuringiensis H antigens will increase with increasing number of B. thuringiensis H serotypes, approaching 100% in the future.
It has been well established that: (i) B. thuringiensis H serotype £ora in Japan is highly heterogeneous, consisting of more than 40 H serogroups, and (ii) many of the H serogroups, detected in the present study, commonly occur in B. thuringiensis natural populations as well [18] . In addition, previous investigators have reported that B. thuringiensis accounts for 1^5% of the B. cereus/B. thuringiensis natural populations in Japan [10,11,19^21] . Thus, the data presented here fully support the previous view [8] that the formation of parasporal inclusions, in a given H se-rogroup of the B. cereus/B. thuringiensis complex, occurs only in a small proportion of the population. It is clear from our results that the H serotyping is of little value in distinguishing B. thuringiensis from B. cereus. Nevertheless, it is still of great value in discriminating between B. thuringiensis strains [9] .
Another interesting ¢nding in our results is that the three B. cereus isolates were cry1-positive. Microscopically, parasporal inclusions were not formed in these isolates. At present, it is uncertain whether the organisms synthesize the Cry1 proteins. It is very likely, however, that the cry1 genes detected here are cryptic. Future work will include the characterization of cry genes in these three B. cereus isolates. 
